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Abstract 
The conduction mechanism in polycrystalline Pt doped SnO2 thick films is investigated by means of simultaneous 
DC and work function changes measurements under exposure to reducing gases (CO and H2) in different oxygen 
backgrounds. The results are showing that, in contrast to the case of polycrystalline undoped SnO2 thick films - where 
a continuous switch of the conduction mechanism from a depletion layer controlled model to an accumulation layer 
one was observed - the situation in case of Pt doping is different: one records an abrupt change in both resistance and 
work function changes, which may indicate the onset of the reduction of the material. The reduction of the material 
was further studied by a combination of DC resistance and catalytic conversion measurements. 
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1. Introduction 
Gas sensors based on semiconducting metal-oxides are studied and commercially used since the early 
70th. Nevertheless there are still unclear aspects of the way in which the sensing and transduction in 
particular are taking place. Besides the important influence of the surface chemistry, the way in which the 
conduction takes place in the sensing layer is crucial for the magnitude of the sensor signal [1]. 
Consequently it is very important to (i) fully understand and model the basic reactions involving the 
material including possible dopants, the background gases (O2 and H2O) and the target gases and (ii) to 
know and model the way in which the conduction in the sensing layer itself takes place. One of the 
assumptions almost generally accepted in the field of SMOXs is the need of a surface redox process as a 
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base for the charge transfer. In the absence of adsorbed oxygen, the lattice one was supposed to be used 
[2]. Recently, results were published which demonstrated that the presence of chemisorbed oxygen ions 
on the surface is not vital for sensing of reducing gases with SnO2 based gas sensors; the as obtained 
signals in the absence of atmospheric oxygen where even higher than in normal oxygen containing 
conditions [3]. Also, the reduction of the material as a reason for changes in the resistance could be ruled 
out. Furthermore, the conduction mechanism in a SnO2 porous thick film layer from a depletion layer to 
an accumulation layer controlled model could be modeled and experimentally proven [4].To extend this 
basic knowledge about undoped SnO2, the same investigations techniques and conditions were applied to 
examine how the addition of Pt dopants in SnO2 affects the sensing and the conduction. 
 
2. Experimental 
The 0.2 wt. % Pt doped SnO2 powder was synthesized by conventional sol-gel method started by the 
drop-wise addition of ammonia to an aqueous SnCl4 solution. The as obtained gel was impregnated with 
PtCl4 in the desired weight concentration. The final calcination was performed at 1000°C for 8 hours [5]. 
The powder was mixed with propandiol to obtain a paste which was consequently screen-printed onto 
alumina substrates equipped with Pt electrodes and heater.  
Simultaneous DC-resistance measurements (Keithley DMM199) and the detection of CO and CO2 in the 
exhaust (Innova1312) under CO exposure (10, 30, 70 and 100 ppm) were performed in the absence of 
oxygen at 300°C with two Pt doped SnO2 sensors in parallel. The residual oxygen amount was below 4 
ppm (detection limit of the oxygen analyzer – Zirox SGM400). Besides that, simultaneous DC-resistance 
and work function changes measurements (¨Ɏ) towards CO and H2 exposure were realized in three 
different oxygen backgrounds: ~12, 200 and 22000 ppm. A detailed description about the measurement 
conditions and the working principle is given in [4]. In principle, the conditions were chosen in this way 
(very dry conditions), that one would not expect any changes in the electron affinity of the material 
during target gas (CO and H2) exposure and by that the only reason for changes in the work function 
(¨Ɏ) is related to changes in the band bending (q¨V). Therefore, changes in the band bending can be 
directly measured.  
 
Figure 1 (A) Time dependence of the resistance during CO exposure (10, 30, 70, 100 ppm) in the absence of oxygen at 300°C for 
two 0.2 wt. % Pt doped SnO2 sensors. The amount of CO and CO2 in the exhaust is shown in the upper part. (B) Simultaneous 
contact potential differences (CPD) and electrical resistance changes of one Pt doped SnO2 sensor during exposure to CO in pure N2 
and with 200 ppm oxygen in the background (300°C). 
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Figure 2 (left) Dependence of the resistance and the corresponding band bending for the Pt doped SnO2 sensor. The flat band 
situation (q¨V=0) is denoted as the situation in N2. (right) Dependence of the resistance and the corresponding band bending for the 
undoped SnO2. Also here the flat band case (q¨V=0) is denoted as the situation in N2 [4]. 
3. Results
Time dependence of the resistance during exposure to four CO concentrations in the absence of 
oxygen is shown in Fig. 1 A. A dramatic decrease of the Pt:SnO2 sensor resistance after starting with the 
first CO pulse is observed. As long as no oxygen is present in the background there is no recovery back to 
the baseline. In the upper part of Fig.1 A the amount of CO and possible CO2 in the exhaust is monitored. 
The appearance of CO2 in the exhaust during CO sensing indicates a possible reduction of the material 
which was not observed for undoped SnO2 in similar conditions [4].  
The change of the resistance (blue curve) and the CPD (red curve) during exposure to different CO 
concentrations in the absence (~12 ppm of O2) and in the presence of 200 ppm of oxygen is presented in 
Fig. 1 B. When the CO concentration exceeds the residual oxygen amount (30 ppm of CO in N2 and 450 
ppm of CO in 200 ppm O2), an enormous drop in the resistance as well as the work function (¨Ɏ=-CPD) 
occurs. The increase in the resistance due to oxygen adsorption can be clearly seen when changing the 
background conditions. In Figure 2 an overview of all the results obtained for CO and H2 in different 
oxygen backgrounds is given. The dependence of the resistance on the changes of the band bending for 
the Pt:SnO2 sensor (left) and the undoped SnO2 (right) are plotted. The situation in N2 was chosen as a 
reference, namely the flat band situation (q¨V=0). One clearly observes that the conduction – relation 
between the resistance and the corresponding band bending - can be described by the same model as long 
as the reaction is controlled by adsorbed oxygen species. After this region a huge drop in the resistance 
occurs (e.g 30 ppm CO in N2) without changing the band bending too much. At higher H2 and CO 
concentrations enormous changes in the band bending were measured (up to 1.6 eV) whereas the 
resistance is not changing too much anymore. On the opposite, the undoped material (Fig. 2 B) shows a 
seamless transfer of the conduction mechanism from depletion to accumulation one.  
4. Discussion
In the case of undoped SnO2, the huge changes in the resistance upon CO and H2 exposure in the 
absence of oxygen were explained by the creation of surface donor levels which are getting ionized 
followed by the appearance of an accumulation layer [3]. The reduction of the material in these 
conditions, meaning the consumption of lattice oxygen described by equation 1 and 2, was excluded for 
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no H2O or CO2 appeared in the exhaust. A reduction could just be observed at higher temperatures 
(>500°C) [6].  
The situation for SnO2 impregnated with 0.2 wt. % Pt is different: CO2 as a product of CO exposure 
could be detected after the sensor chamber in the absence of oxygen, indicating that the huge drop in the 
resistance originates also from the reduction of the SnO2 material. A similar behaviour was observed for 
H2 as a target gas. Only when the sensors are exposed to oxygen, the re-oxidation of the surface starts 
again and the overall resistance is going back above the initial value in N2.  
x o OO
gas VeCOOCO 2        (1) 
x o OO
gas VeOHOH 22        (2) 
Depending on the surrounding atmosphere, one could demonstrate for undoped SnO2 that the conduction 
mechanism changes from a depletion layer controlled (R~exp(q¨V/kT)) to an accumulation layer 
controlled model (R~exp(q¨V/2.3kT)). Moreover the effect of band bending on the resistance in case of 
accumulation layer becomes less strong as deeper one is getting into the conduction band 
(R~exp(q¨V/3.8kT)). For Pt doped SnO2 sensors the conduction is described by the surface depletion 
layer model (R~exp(q¨V/kT)) as long as the reaction is controlled by adsorbed oxygen species. If the 
target gas concentration cannot be compensated anymore by the residual oxygen in the background, the 
resistance immediately drops. This break in the conduction mechanism and the behavior at higher 
concentrations of CO and H2 indicate that the material is changing which further supports the reduction of 
SnO2. For Pt, being in an oxidized state, it was shown that its chemical state does not change in reducing 
conditions at the operational temperature [7]. 
5. Conclusion and outlook 
It could be demonstrated that by the addition of small amounts of Pt in the sensing layer the reduction 
temperature of SnO2 can be dramatically reduced. Also the conduction mechanism is determined just by 
surface depletion layer model as long as there is no reduction. In the future the influence of other dopants 
like Pd and Al will be in our focus. 
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